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ABSTRACT 

A description is given of ten non-major subprograms in the Haystack Pointing 

System.    These programs all operate in the real-time environment, but in a sense 

are embellishments to the system proper inasmuch as they are by design either 

utilitarian to system operation or perform minor system functions.    The additional 

system capabilities provided by this set of subprograms include:   alteration of memory 

locations; modification of certain system parameters; constant monitoring of select- 

able memory locations; pointing of the antenna to any azimuth and elevation or right 

ascension and declination; outputting of certain planning information "on-line"; strip 

chart recording; magnetic tape recording; high-speed printer interfacing and 

Westford/Millstone intersite coupling. 
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HAYSTACK POINTING SYSTEM:   AUXILIARY REAL-TIME PROGRAMS 

INTRODUCTION 

The ten programs described in this document play important but non-major 

roles in the operation of the Haystack Pointing System.   They all function in "on- 

line" operation of the system as distinguished from another set of minor programs 

which operate peripherally to the system. 

A brief abstract of each program is given in alphabetical order along witli the 

name of each author. 

The listings for the individual programs are found in a separate section at the 

end of this memo. 

CHANGE CORE S. J. White Page   3 

The contents of any memory location can be changed as the system operates. 

Typeout of the specified location, old and new contents is given. 

CHANGE PARAMETER A. A.  Mathiasen        Page   5 

Certain selected system parameters can be changed by typing in the symbolic 

parameter name and the new value. 

DYNAMIC DUMP S. J. White Page   8 

The contents of one to eight selected memory locations, along with the name 

of the system program that has just operated, can be examined on the high-speed 

printer after the operation of each system program. 

FIXED AZIMUTH-ELEVATION A. A.  Mathiasen        Page    18 

The system can be directed to point at any desired azimuth or elevation. 

FIXED RIGHT ASCENSION-DECLINATION A. A.  Mathiasen        Page   20 

The system can be directed to a point in space having any right ascension, 

declination and radius.    The rates of change of any of these quantities can be varied. 

PLANNING J.   D.  Drinan Page   22 

In the simulation mode, if jump key   2  is on, rise times and set times of the 

object under surveillance are logged on the high-speed printer. 



PLOT R.  Teoste Page 25 

Command azimuth and elevation angles and their differences from actual 

antenna angles along with time marks are plotted on the channel 5 strip chart 

recorder.    Adjustment and calibration facilities are provided. 

PRLOG S. J. White Page 29 

Messages to be output on the high-speed printer are accepted from any system 

program.    Priority indication and page spacing facilities are provided. 

RECORDING J.  D.  Drinan Page 38 
A.  A.  Mathiasen 

A central facility is provided for handling all of the magnetic tape recording 

as requested by any of the system programs. 

WFORD/MSTONE INTERSITE COUPLING J.  D.  Drinan Page 50 

As the Haystack Pointing System cycles, pointing information in the form of 

azimuth, elevation,  range, and doppler data is automatically output to both the 

West Ford and Millstone sites. 



CHANGE CORE 

INTRODUCTION 

The Change Core Program (CHCOR) permits changing the contents of any 

core location in the Haystack Pointing System while it is in operation. 

INPUT 

Location address and new contents are entered via the console typewriter. 

OUTPUT 

The specified address, old contents and new contents will be typed out on 

the console typewriter and the desired core change made. 

OPERATION 

CHCOR is called to operate via the "attention" symbol route.    The user,  in 

response to the message "E. L. + C. " (enter location and contents) typed out on the 

console typewriter, types in an octal address followed by a carriage return. *   This 

address is the location whose contents are to be changed.    Next, the user types in 

the new contents in octal, again followed by a carriage return.    (Leading zeros 

need not be typed.) 

Typeouts of the specified address, old contents and new contents will then be 

provided on the console typewriter. 

The program will continue to cycle until the answer to a request for an input 

is a carriage return alone. 

Example:   (Console Listing) 

E.L. +C 
76543* 
7777654321* 

76543  1234567777   7777654321 
E.L. +C. 

16345* 
10* 

16345       1035061111       0000000010 
E.L. +C. 

*Note:   The console output for a carriage return is the asterisk. 
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CHANGE PARAMETER 

INTRODUCTION 

The parameter program enables an experimenter to change certain selected 

constants in the Haystack Pointing System easily by typing in the name of the param- 

eter and its value.    This should be done immediately after bootstrap or before starting 

a new experiment.    The new parameters are valid only until the pointing system is 

read in anew by the bootstrap procedure, at which time the values compiled into the 

system are used.    If a permanent change is desired, the new value must be compiled 

into the program which sets up the Common Storage register.* 

The setting in of numbers like site latitude, longitude, height, the frequencies 

of Haystack and Westford or the equatorial and polar radii of the earth are straight- 

forward. 

The register DELTATEE contains the difference in days between ephemeris 

time and universal time and is found in the table "AT, Reduction from Universal 

Time to Ephemeris Time" in the beginning of the American Ephemeris and Nautical 

Almanac, and should be set if accurate output is desired for other than the current 

year.    For the current year, the correct value should be compiled into the program 

that sets up this register. * 
+ 

The register AZIMOVER which has the azimuth overlap indicator      should 

be set to the proper value to ensure a complete run on the object to be tracked 

without running into the cable wrap limits.    A positive value (such as +0) starts 

the antenna in the non overlap region (0   <, Azimuth s 360 ).    A negative value 

(which may be entered as —0) starts the antenna in the overlap region (-120   £ 

Azimuth ^ 0  or  360   < Azimuth < 480 ).   The azimuth overlap indicator is sei to 

+ 0   upon bootstrapping in the system, but subsequently is not changed by any pro- 

gram (except CHANGE PARAMETER).    Thus if in a run the antenna moves from the 

non-overlap region to an overlap region, AZIMOVER is not changed so that a new 

* See "Haystack Pointing System: Control Program" by J.   D.   Drinan and 
A. A. Mathiasen (in preparation). 

t See "Haystack Pointing System: Acquisition" by R.  Teoste(in preparation). 



run would unwind the antenna into the non-overlap region unless AZIMOVER is now 

set negative. 

OPERATION 

Upon initialization by way of the attention symbol and the appropriate options, 

the parameter program types the following: 

CHANGE PARAMETERS 

NAME OF PARAMETER, CARRIAGE RETURN, NEW VALUE, CARRIAGE 
RETURN. 

WHEN FINISHED CHANGING PARAMETERS,  PRESS CARRIAGE RETURN 
AN EXTRA TIME. 

The experimenter then types the parameter name followed by a carriage 

return, and the new value, followed by a carriage return.    When he has no more 

new values, he types simply carriage return.    Thus, a typical sequence might be 

the following (where * indicates a typed carriage return): 

GEODETLAT* 

45.0* 

LONGITUDE* 

233.0* 
* 

When the sequence is ended, the parameter program returns to the Master 

Control Program in its initialization section but after common storage set up. 

CHANGEABLE PARAMETERS 

The Common Storage registers which may be changed are given in the 

following table: 



Name Contents Scaling 
Lower and 
Upper Limit 

DELTATEE Ephemeris Time 

- Universal Time 

Days   B28 -.00005 

+.001 

FREQUENCY Haystack Radar 

Frequency 

Megacycles B14 0 

10,000 

WFFREQ Westford Frequency Megacycles B14 0 

10,000 

LONGITUDE Haystack Longitude Degrees B20 

+  is east 

-360 

+360 

GEODETLAT Haystack Geodetic 

Latitude 

Degrees B20 

+  is north 

-90 

+90 

HEIGHT Haystack Height Feet   BO -300 

30,000 

EQUATOR Equatorial Radius Nautical Miles 

B17 

3,000 

4,000 

POLE Polar Radius Nautical Miles 

B17 

3,000 

4,000 

AZIMOVER Azimuth Overlap 

Indicator 

Octal 
+ = non-overlap 
- = overlap 

None 

Other parameters may be easily incorporated into the program.    The format 

of an addition to the table follows: 

Word 1 FD •  2 •  Name of parameter 

Word 3 FD •   1 • Scaling 

Word 4 XX •         Name of parameter 

Word 5 Lower Limit 

Word 6 Upper Limit 

The scaling is explained in a separate memo on Intercom. XX is the setting 

of the carriage and the limit checking as explained in the same memo. Words 3 to 

5   make up part of the calling sequence to Intercom. 



DYNAMIC DUMP 

INTRODUCTION 

The purpose of the Dynamic Dump Program (DYDMP) is to print dynamically 

the contents of one to eight core locations on the high-speed printer, as the pointing 

system cycles.    The contents of the core locations selected, and the name of the 

system program that has just operated,  are printed after the operation of each 

system program.   DYDMP uses the Printer Logging Program (PRLOG) for output to 

the high-speed printer(HSP). 

INITIALIZATION 

One must first gain entrance to the initialization section of DYDMP.    This is 

accomplished by depressing the attention symbol while the Haystack pointing system 

is in operation.    Proper selection of the coded figures, as in Appendix A, produces 

a typeout from DYDMP of: 

ENTER LOCATION 

In answer to this typeout, type an octal number of one to five digits such as: 

63141 

followed by a carriage return. 

Once again the typeout 

ENTER LOCATION 

is produced.    This will continue for a total of   8   entries, or until a carriage return 

alone is given in response to an output.    (See Appendix   A) 

OUTPUT 

When the user has signaled (carriage return alone) that he is finished speci- 

fying locations to be dumped or has specified the maximum of eight locations, 

DYDMP prints a heading line on the HSP and exits to Master Control Program (MCP). 

Thereafter, each time it is entered in the working section,  DYDMP will print one 

line containing the name of the system program that has just operated as well as 

the contents of the specified locations at that time.   (See Appendix  B. )  Since 



MCP calls DYDMP (when activated) after each system program output will occur at 

these limes. Output of the contents of the selected locations will continue until the 

user reinitializes DYDMP. 

REINITIALIZATION 

Entering the initialization section of DYDMP for the second time via the 

attention symbol route, as in Appendix C, effects the typeout: 

STOP (Y-N) 

i. e. ,  should the operation of DYDMP be stopped,  yes (Y) or no (N)? 

Answering  N   causes an additional typeout to appear on the console. 

Change   O/P (0-7) 

i.e., which of the   8   columns of output   0-7,  should the address be changed? 

Typing 

4 

would mean that in the fifth column, the address of the contents, now being printed, 

is to be changed.    The program then types: 

ENTER LOCATION 

Now the new address replacing the one in the fifth column is entered.    Again this 

continues for a total of   8   entries or until a carriate return alone is given in 

answer to an output.   Henceforth, as shown in Appendix D, the contents of the 

addresses that have been changed will be printed out along with the ones unchanged. 

To stop the operation of DYDMP, one merely answers   Y   to the initial 

question above. 



APPENDIX   A 

SIGN OFF (1) MOD (2) NEXT RUN (3) PRINT (4) 
2* 

MOON (1) SCAN (2) RECORDING (3) RADIOMETER (4) TIMING (5)   OTHER (6) 
6* 

RA-DEC DISPLAY (1) CORRECTION (2) PARAMETERS (3) ACQUISITION (4) 
CC (5) DYDMP (6) 

6* 

ENTER LOCATION 
63141* 

ENTER LOCATION 
12345* 

ENTER LOCATION 
123* 

ENTER LOCATION 
5* 

ENTER LOCATION 
54321* 

ENTER LOCATION 
321* 

ENTER LOCATION 
1* 

ENTER LOCATION 
22222* 

10 
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APPENDIX   C 

SIGN OFF (1) MOD (2) NEXT RUN (3) PRINT (4) 
2* 

MOON (1) SCAN (2) RECORDING (3) RADIOMETER (4) TIMING (5)   OTHER (6) 
6* 

RA-DEC DISPLAY (1) CORRECTION (2) PARAMETERS (3) ACQUISITION (4) 
CC (5) DYDMP (6) 

6* 

STOP (Y-N) 
N* 

CHANGE O/P   (0-7) 

ENTER LOCATION 
10* 

CHANGE O/P   (0-7) 
7* 

ENTER LOCATION 
33333* 

CHANGE   O/P   (0-7) 
* 

SIGN OFF (1) MOD (2) NEXT RUN (3) PRINT (4) 
2* 

MOON (1) SCAN (2) RECORDING (3) RADIOMETER (4) TIMING (5)   OTHER (6) 
6* 

RA-DEC DISPLAY (1) CORRECTION (2) PARAMETERS (3) ACQUISITION (4) 
CC (5) DYDMP (6) 

6* 

STOP (Y-N) 
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FIXED AZIMJTH-ELEVATION 

INTRODUCTION 

The fixed azimuth and elevation program provides a means for pointing the 

Haystack antenna at any azimuth or elevation. 

OPERATION 

Upon initialization, the fixed azimuth and elevation program allows input of a 

single azimuth and a single elevation. Following is a typical sequence of questions 

and answers: 

AZIMUTH(DEGREES) 

182.3* 

ELEVATION (DEGREES) 

47.61* 

Upon reinitialization, i.e. , when the antenna buffer chain is operating and the 

fixed azimuth elevation program is chosen via the Attention Symbol route, the pro- 

gram types out the following: 

AZIMUTH (DEGREES) PREFIXING WITH A, OR 

ELEVATION (DEGREES) PREFIXING WITH E. 

A CARRIAGE RETURN IS NECESSARY AFTER PREFIXED LETTER. 

The initialization section "keeps control" allowing rapid changing of azimuth 

or elevation.   The experimenter may enter azimuth or elevation about as fast as 

he can type.    Following is a possible sequence. 

A* 

179.3* 

A* 

171.65* 

E* 

47* 

A* 
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152* 

E* 

48. 1* 

Until the attention symbol is again typed, the initialization section of fixed 

azimuth-elevation retains communications with the experimenter. 

If a mistake in typing a prefix is made, the program types an error message. 

Thus, 

B* 

YOU HAVE TYPED ILLEGAL PREFIX.    TRY AGAIN. 

A* 

157.6* 

COMMON STORAGE SET 

AZIMUTH 

ELEVATION 

N 



FIXED RIGHT ASCENSION-DECLINATION 

INTRODUCTION 

The fixed right ascension-declination program provides a means for pointing 

the Haystack antenna at any desired right ascension or declination.    The program 

also provides a means for entering radius, or the rates of change of any of these 

three quantities. 

OPERATION 

Upon initialization, the program requests via Intercom various inputs.    A 

typical question and answer sequence might be the following: 

RIGHT ASCENSION (DEGREES) 

123.* 

DECLINATION (DEGREES) 

-21.4* 

RADIUS (EARTH RADII) 

52.35* 

R.A.  DOT (DEGREES/SEC) 

-.0632* 

DEC.   DOT (DEGREES/SEC) 

.001* 

RADIUS DOT (NAUTICAL MILES/SEC) 

-3.76* 

When the program is reinitialized and the azimuth buffer chain is operating, 

the program types out the following: 

RIGHT ASCENSION (DEGREES),  PREFIXING WITH A, 

DECLINATION (DEGREES), PREFIXING WITH D, 

RADIUS (EARTH RADII),  PREFIXING WITH R, 

RADOT (DEGREES/SEC),  PREFIXING WITH B, 

DECDOT (DEGREES/SEC),  PREFIXING WITH E, OR 

RADIUSDOT (N. M. /SEC),  PREFIXING WITH S. 

A CARRIAGE RETURN IS NECESSARY AFTER PREFIXED LETTER. 
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A typical answer sequence might be 

A* 

37.6* 

D* 

-10.7* 

R* 

32.5* 

A* 

39* 

S:! 

2.7* 

B* 

.06* 

Until the attention symbol is typed the experimenter remains in communication 

with the fixed right ascension-declination program. 

When the program is reinitialized upon the Pointing System's reaching the 

System Time Limit, the program does not ask for inputs, but keeps the values it 

had. 

The working section of the program is merely a dummy program. 

COMMON STORAGE SET 

RADIUS 

RA 

DEC 

RADIUSDOT 

RADOT 

DECDOT 
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PLANNING 

INTRODUCTION 

The Haystack Pointing System Planning Program (PLAN) provides the user of 

the System with a means of conveniently determining the rise time and set time of 

the object under surveillance.   However, two conditions must be met before PLAN 

will operate and provide this information.    The first of these is that the Haystack 

Pointing System must be operating in the simulation mode and secondly jump key 

2   must be turned on. 

INPUT 

PLAN uses Common Storage (C/S) Registers ELEV,  FIRSTELEV, and 

CELTIME. 

OUTPUT 

PLAN uses the high-speed printer via the PRLOG subroutine to print out the 

rise and set information. 

INITIALIZATION SECTION 

PLAN is initialized only when the System is about to cycle in the simulation 

mode.    When this occurs the contents of C/S ELEV, which now contains the most 

recently computed elevation, is transferred to C/S FIRSTELEV for later compari- 

son in the operation section. 

OPERATION SECTION 

Once during each cycle of the System in the simulated mode, the operation 

section of PLAN is entered. This occurs after the System has computed the new 

elevation corresponding to the time in CELTIME. 

Unless jump key   2   is on PLAN will make an immediate return to the control 

program.   When the key is on,  PLAN compares the most recently computed eleva- 

tion in C/S ELEV with the elevation computed one System cycle earlier saved in 

C/S FIRSTELEV.    If both elevations have the same sign, no change in visibility 

is assumed to have occurred.    If on the other hand the elevation has gone from minus 
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plus from the previous frame to this, a change of visibility status from invisible to 

visible is understood. * The inverse, of course, is true. Thus, if a change of sign 

has occurred, the time of computation in C/S CELTIME is converted and one of the 

following messages is output via PRLOG: 

ROSE AT   12   05   06      ,  say, 

or 

SET AT   12   05   06 

exit is then made to the control program. 

*NOTE:   The difference in the reported rise and set times and the actual rise and 
set times can approach the "increment to GMT" elected by the user when initializ- 
ing the system. 
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SIGN OFF (1) MOD (2) NEXT RUN (3) PRINT (4) 
2* 

SUN (1) DATA PROCESSING (2) SCAN (3) RECORDING (4) TIMING (5)   OTHER (6) 
6* 

RA-DEC DISPLAY (1) CORRECTION (2) PARAMETERS (3) ACQUISITION (4) 
7* 

DO YOU WANT TO ADJUST STRIP CHART RECORDER   (Y   OR   N) 

CARRIAGE RETURN TO STOP ADJUSTMENT 

Fig.   1.    Sample of on-line log. 
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PLOT 

The Pointing Program System contains a routine which drives the strip chart 

recorder that is connected to the computer by means of the general purpose output 

chanel No.  5.   Whenever the Pointing Program System is asked to command the 

antenna in real time, the commands are subtracted from the actual antenna angles 

and the resulting difference is plotted on the strip chart recorder.   The errors in 

azimuth and elevation axes are plotted on separate recorder channels.   The antenna 

azimuth and elevation are recorded on two additional channels.    A time mark is 

recorded on the chart at the beginning of every minute. 

A facility for adjusting and calibrating the recorder is provided.    Upon 

request through the keyboard, adjusting signals are output to the recorder.   When 

adjustments have been made, a calibration record will be recorded on each channel, 

which shows linearity of the plot. 

The on-off control of the recorder paper drive is accomplished through the 

computer automatically. 

PROGRAM INPUTS 

The program uses the following in-core inputs: 

U(INELEVADD) The location of first word storage of the presently 
incoming elevation angle. 

W(112) Elevation buffer control word. 

L(SYSTATl) Code for indicating that the system is cycling.  (Plus 
means system is cycling, minus means system is 
stopped.) 

U(SECONDS) Time in seconds BO 

In addition to the above, the program uses the real-time antenna angles and 

commands from the appropriate buffers. 

Figure   1   shows the on-line communication sequence for calibrating the 

system.    The program can be controlled only through the attention symbol path. 
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Fig. 2   Sample strip chart recording. 
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PROGRAM OUTPUTS 

The output on the strip chart recorder is shown on Fig.  2.    Initially the figure 

shows the plotted errors and angles in the indicated channels, as they would appear 

on a normal run.   Then the adjust mode was requested through the attention symbol 

entry.   A few cycles of adjust mode are shown; however, this mode can be kept as 

long as desired until proper adjustments have been made.   When the adjust mode is 

stopped by means of the keyboard, a calibration record will be recorded as shown 

and the recorder will return to the normal mode of plotting antenna angle informa- 

tion. 

The scale factors for plotting are fixed.   As shown by Fig. 2, the azimuth 

and elevation angles are plotted with   90     as full scale.    Angles in other quadrants 

are plotted modulo   90  ,    so that an uncertainty exists.    The recorder resolution 

is   64   levels.    In the error signal plots one level corresponds to twice the low order 

bit resolution of the antenna encoder system, with the zero reference signal half 

way up the charts.    This provides a full scale error amplitude of approximately 

+ . 044 .    If the error magnitude exceeds   . 044  ,   the pen will move to the other 

side of the graph and continue plotting larger errors.   The example of Fig. 2 shows 

this phenomenon as the error was purposely made large on the azimuth axis. 

PROGRAM NOTES 

The strip chart recorder is programmed by means of the external function 

on channel No.  5.    The function word is divided into four six bit values to be 

plotted, one bit for turning on the recorder, and a fixed five bit code as follows: 

29-25 Fixed code 01010 

24 Paper drive code 

23-18 Channel #4 value 

17-12 Channel #3 value 

11-6 Channel #2 value 

5-0 Channel # 1 value 

The timing for the plot program is obtained from the elevation input buffer. 

Every two seconds the master control program gives a monitored IN command on 
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the elevation channel (channel 10).    In the working entry of the Plot program, the 

buffer control word is changed so that a suitable time delay is obtained.   The adjust 

and calibrate plots use a two second plotting increment, the normal data is plotted 

every   .04   seconds and the time marks are   .24   seconds long.   When the interrupt 

occurs, a new buffer control word is set up so that the next interrupt occurs after 

the desired time increment. 

Three entries exist to the program: 

1. initialization entry 

2. working entry 

3. interrupt entry 

The initialization entry (PLOTINIT) sets up the interrupt register on the 

elevation-input channel and, if the system is cycling, it asks the appropriate 

questions about adjusting and calibrating, and sets up a code for plotting mode in 

U(PLOT B).    The code is: 

0 for normal plotting 

1 for adjustment 

2 for calibration 

Every two-second cycle the Plot Program is entered by means of the working 

entry (PLOTWORK).    This routine first examines the above code and acts according 

to what has been requested. 

If the code indicates that normal plotting is required (PLOTCASE), the work- 

ing section sets up the appropriate buffer control word for interrupts to occur at 

proper time intervals and plots a time mark if the beginning of a minute is detected. 

If the code indicates that adjustment is to be performed (ADJUSTCASE), the 

program makes the pen move zero, half scale, full scale in two-second intervals. 

If calibration is requested (CALCASE), a stair case will be plotted with two- 

second long steps one plotting increment high. 

The interrupt entry (PLOTINTER), examines whether the system is cycling 

and either turns off the recorder or does the following:   it writes a time mark if 

the beginning of a minute is indicated; otherwise it computes the differences 

between commands and the actual antenna angle, and plots them. 
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PR LOG 

INTRODUCTION 

The Printer Logging program (PRLOG) provides the means whereby any of 

the Haystack Pointing System programs may output information on the high-speed 

printer while the system is operating. 

PRLOG transfers the field data information set up by the user program to one 

of the   20  buffer areas of its own. 

As the printer becomes available, the program prints these areas in order 

received. 

The calling sequence for PRLOG (described below) has provision for a 

priority structure among program messages.   Additionally, page spacing facilities 

are provided. 

INITIALIZATION SECTION 

PRLOG is initialized by the control program (MCP) during each system 

initialization. 

WORKING SECTION 

Interaction between PRLOG and the user program is through the working 

section via U(PRLOG).    PRLOG's working section first saves all operational 

registers it uses.    Next,  PRLOG's current in-out indexing registers are restored, 

and the pertinent information from the calling sequence is obtained.    A check is 

made on the status of the high-speed printer.    If the printer is not operative, the 

operational registers are restored and control is transferred to the user program's 

busy return.   Otherwise, a check is performed to determine if the message to be 

printed is classified as emergency.   If the message is not emergency data, further 

check is made to see if the RADIOMETER SWITCH* is set.    If the RADIOMETER 

SWITCH is set and the request for printing does not override this switch, control 

This switch was first used in connection with the radiometer signal processing- 
program; hence, the name. 
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will be transferred to the user program's busy return.    If the request for printing 

does override this switch, or if the switch is not set, the message is handled as 

follows: 

First a check is made to see if there is room for the message in PRLOG's 

20  buffer areas.    If there is no room, the operational registers are restored and 

control is returned to the user program's busy return.   With room for more mes- 

sages, the MOVEDATA routine transfers the data from the user program's buffer 

area to an empty internal buffer and indexes the input index register.    If there is 

a previous message not yet fully printed, control is given to the user program's 

normal return.    If the new message can be output at this time, it is.   Requested 

spacing and top-of-paging are performed at this time.    Lastly, the operational 

registers are restored and control is transferred to the user program's normal 

return. 

If a message is labeled as "emergency" in the calling sequence, it is printed 

at the first available time, taking precedence over all other messages in the PRLOG 

internal buffer areas.    In addition, emergency messages may space after printing 

(to bring the message into view of the operator). 

INTERRUPT SECTION 

As in the working section, the first operation in the interrupt section is to 

save the operational registers.    If the interrupt status is anything but normal,  a 

switch is set to "channel inoperative".   The operational registers are restored and 

the program exits. 

CALLING SEQUENCE 

a RJP U(PRLOG) 

a + 1 # Words FWA 

a + 2 + SBP + - TOP; - - SAP 

a + 3 BUSY RETURN 

a + 4 NORMAL RETURN 

The first word of the calling sequence in the user program at   OL  contains 

RJP U(PRLOG) 
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The second word at   Oi + 1   contains 

1. (In the upper half) the number of field data words to be transferred from the 

user program to the PRLOG program's buffer area.   A maximum of  26. „ 

words (128 characters) can be transferred at one time, to accommodate one 

line on the high-speed printer. 

2. (In the lower half) the first word address of the data to be transferred. * 

The third word of the calling sequence at  0t+ 2  is interpreted as follows: 

1. (In the upper half) a dual parameter specifying both the identity of the user 

program and the number of lines the printer is to be spaced before printing 

this line (SBP). 

PRLOG takes the absolute value of this parameter as the value for SBP.    If 

SBP is negative, the setting of the RADIOMETER SWITCH is ignored.    If SBP 

is positive, the line will not be printed if the RADIOMETER SWITCH is set. 

This feature allows specified programs to monopolize the printer (except 

for emergency messages). 

2. (In the lower half) a dual parameter specifying  a) the number of lines the 

printer is to space after printing the message if and only if the message is 

deemed of an emergency nature and  b) whether or not a top-of-page is to be 

issued before printing this line. 

If this parameter is positive (it may only be  +0  or  +1) PRLOG interprets 

this message as non-emergency and will take the following action: 

a. + 0 - no action 

b. + 1 -• top-of-page before printing 

If this parameter is negative PRLOG accepts this message as emergency 

data and will space after printing the number of lines equal to the absolute 

value of this parameter. 

It should be noted that in the normal case there is no spacing after printing. 

*CAUTION .   .  . The field data character "STOP" (778) must not be included in the 
field data string to be output.    PRLOG provides stop information to the printer on 
partial line output. 
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The fourth word of the calling sequence at  a + 3   is the busy return. 

When control is returned here, the   "A"   register indicates the reason the 

request could not be accepted for output. 

1. A positive zero indicates all the PR LOG buffer areas are full. 

2. A negative zero indicates that the RADIOMETER SWITCH is set (and this 

calling sequence has a positive SBP), or that the printer channel is inoper- 

ative. 

The fifth word at  a + 4  is the normal return. 

Control is returned here if the data was successfully transferred and has 

been output or is waiting to be output. 
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PE.LOG    PROGRAM    IMITIALIIATIOM    SECTION 
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3-62-4211 
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3-62-4212 
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RECORDING 

INTRODUCTION 

The Recording Program of the Haystack Antenna Pointing System records data 

on magnetic tape in binary, high density.    These data are provided by the user pro- 

grams in the form of initial and terminal addresses of blocks to be recorded.    The 

Recording Program does no interpretation of data.   Rather it is a central facility 

for handling recording as requested by a number of user programs.    In doing this, 

it provides for the handling of tape status codes of various kinds, such as parity 

and end of tape, and for the proper heading of an experiment. 

BUFFER CONTROL WORD SET UP 

A block of   50   registers in Common Storage (C/S) starting at RECFILE is set 

aside for the user programs to set up recording requests.   A user program is 

assigned one or more register numbers in that block.    Let  n  be one such register. 

When the user program wishes to record a block of data starting at say FWA and 

ending at LWA, the user program sets up RECFILE + n   to the proper buffer con- 

trol word. 

RECFILE + n 

When the Recording Program is in the process of writing the block specified in 

RECFILE + n,    it issues an OUT command with this word as the buffer control word 

(BCW).    RECTILE + n   is set to   -0   at this time.   When the block has been completely 

written   RECFILE + n   is set to +0.   A user program may, therefore, set up the 

appropriate RECFILE register whenever it contains  +0.    It may also change that 

RECFILE register whenever it does not contain  + 0  taking note of the fact that the 

recording program may interrupt and begin output of the data specified by that regis- 

ter.    Thus, a user program which changes RECFILE must provide suitable interrupt 

lockout while inspecting and changing the RECFILE register. 

29 15 14 0 

LWA FWA 
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FORMAT OF BLOCKS TO BE RECORDED 

The block to be recorded starting at FWA and ending at LWA must be of the 

following form: 

FWA Identification Code 

Blank (Trouble Indicator) 

LWA 

Data to be recorded 

The Identification Code is assigned to each program arbitrarily.    It usually 

would be the   5   character Fieldata System Name of the program.    The Trouble 

Indicator is a blank register used by the recording program to indicate that some 

sort of trouble was encountered in writing the previous record.    The data to be 

recorded occupy the remaining registers of the block. 

OPERATION 

A.       Initialization 

When recording is initialized, C/S KYBRDLEVEL is first examined to ascertain 

whether or not the teleprinter may be used during the sequence.    If use of this device 

is denied,  Recording simply indicates that a new heading record is in order and 

normally exists without further ado. 

If the teleprinter is available, Recording will ask the user (via Intercom) how 

much system data recording is desired.    If the user elects "complete recording" 

the entire contents of common storage including all values that are computed directly 

as well as all incoming data and outgoing interpolated data will be recorded (currently 
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6000Q  words).   On the other hand, a request for a "partial recording" will result in 

the recording of only the directly computed values (currently recorded in this mode 

are   151«   words).   As a third choice, the user may elect no system data recording. 

The user's decision is communicated via   C/S RECORDSWITCH to the control pro- 

gram, MCP, which sets up the appropriate buffer control word in the RECFILE block. 

Irrespective of the amount of system recording desired, the working section of 

Recording is entered once each frame, since programs other than MCP are free to 

exercise the recording option. 

If the amount of data recording requested was "none" and if the system is 

cycling (reinitialization) the program exits.    If, however, the amount of data record- 

ing requested was "complete" or "partial", an indication is made that a new heading 

record is required and then if the program is being reinitialized, an exit is made. 

If the system is not cycling, an initialization is assumed and Recording sets 

all its indicators and switches to normal. 

B.        Finalization 

When the Recording program is entered in the initialization section with the  A 

register set to non zero, Recording waits for any output-to-tape in progress to finish 

and then writes an end-of-file on the tape and rewinds it with interlock.    An indica- 

tion that this finalization procedure has been carried out is made in C/S SYSTATD. 

C.       Working Section 

Each frame the control program enters the working section of the Recording 

Program to initiate recording for that frame.    Successive records are written by 

the interrupt answering routine of the Recording Program until RECFILE has been 

exhausted. 

A heading record is written as the first record of a tape,  and the first record 

of a new experiment.    If an experiment takes more than one tape, the tape number is 

indexed in the heading. 

Data records are recorded from locations specified by the buffer control words 

in RECFILE.    If an abnormal condition occurs in writing a record (the most common 

being a parity), the record is not rewritten.    Rather an indication of such a trouble 

(-0)   is written in the second word of the next record to be written.    If the record is 

written normally, the second word of the next record is set to  +0. 

40 



If a buffer control word brings the number of words to be recorded in a frame 

past a set limit*, this fact will be logged on the high-speed printer, and this word 

in RECFILE will be cleared, and no recording will take place of this data block. 

If an end-of-tape is reached, the unit is rewound with interlock, the tape num- 

ber is indexed, and a heading record is written on the next tape unit which is set up 

for recording, t 

If a tape unit is interlocked, and noted in C/S INTERLCKSW, this fact is 

logged on the high-speed printer.   When the unit is readied, the first record written 

will be the heading record. 

If a unit is rewinding, another attempt at writing a heading record is made. 

COMMON STORAGE REGISTERS SET 

Common Storage Registers Set 

L(RECRDSWTCH) to   0,    1 or 2   for complete, partial or 
no recording respectively 

U(INTERLCKSW) to  +0 - interlock on magnetic tape; 
+ 0 - no interlock 

W(RELEASESW) to +0 - recording finished; 
-0 -* recording not finished 

W(SYSTATD) to +0 finalization not done 
-0 -> finilization done 

W(RECFILE) (50 registers) to +0 recording of this data done 
—0   recording of this data is in progress 

Common Storage Registers Read 

W(KYBRDLEVEL) 

W(EXPNAME) (16 registers) 

W(YEARMONTH) 

W(DAY) 

W(CELBODY) (3 registers) 

W(SYSTAT   2) 

L(SYSTAT   1) 

*This limit is now set at   10000,   words. d 
tRecording begins on servo 2, switches to servo   3  then back to servo  2   etc. 
indefinitely as required. 
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3-62-4220 
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WFORD/MSTONE INTERSITE COUPLING 

INTRODUCTION 

As the Haystack Pointing System (HPS) cycles,  pointing information in the 

form of azimuth, elevation, range, and doppler data is automatically output to the 
+ 

equipment interfacing both the West Ford* site and the Millstone  site. 

Because historically the West Ford site was first to be coupled to Haystack, 

the program in the system which prepares these data for output is known as the 

West Ford program (WFORD). 

This program, then, services the system intersite coupling requirements 

connected with going from Haystack to the two remote sites.    Purely as a matter of 

convenience for the present, WFORD also initiates input from the Millstone site, 

but in fact does nothing with these incoming data. 

INPUT 

WFORD uses information in Common Storage (C/S) Registers FREQUENCY, 

WFFREQ,  MSFREQ, WFADD,  MILLSTNADD, AZIMADD,  ELEVADD, DOPPADD 

and RANGEADD as well as the actual Haystack interpolated values of azimuth, 

elevation, and doppler, and the mid-interval value for range. 

OUTPUT 

Every system frame WFORD prepares a buffer table of values of azimuth, 

elevation,  range, and doppler for each site?    Fig.   1 shows the word format for West 

Ford; Fig.  2   for Millstone.    Each datum is separated from the next by   50 ms in 

time.    Each of the two buffer tables for each site contains data for a two-second 

interval (the HPS cycle rate).    Hence each West Ford buffer requires   120   words 

of storage while   160  words are needed by each Millstone buffer.   The WFORD 

*    Haystack-West Ford Intersite Coupling Link,   Group Report   1964-25 dated 
14 May 1964 by J.  E. Gillis, DDC 601143, H-585. 

t Haystack-Millstone Intersite Coupling System,   18 May 1964 (private communication). 
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program prepares the data for output, but the actual OUT (using an externally specified 

index) is issued by the control program at the time that the Haystack interface sig- 

nals that it needs more data. 

INITIALIZATION 

The doppler frequency to be output to each of the two sites must be in the ratio 

of the site frequency to the Haystack frequency.    Additionally the West Ford doppler 

must be in units of kilocycles as opposed to cycles for Millstone and Haystack.    The 

initialization section computes these ratios and saves them as multiplicative factors 

to be used by the working section of WFORD to modify the doppler computed for 

Haystack.    The initialization section presently issues the original IN command to the 

Millstone input interface equipment.    Subsequent IN's are issued by the WFORD 

interrupt section. 

OPERATION 

In the operation section of WFORD, the azimuth, elevation, range, and doppler 

data prepared for output to the Haystack system for the next frame are suitably man- 

ipulated and adjusted to conform to each site's word format and data rate. 

In the case of azimuth and elevation every   12. 5     (12. 5 x 4 ms   =   50 ms) 

Haystack datum is used with the least significant bit being made   360 /„15   rounded 

(-.011°)   rather than   360°/219 

In the case of doppler, the value valid for Haystack at the mid-point of the 

interval is used. First the +750 kc Haystack bias is removed and the resultant 

frequency is multiplied by the appropriate pre-computed ratio to yield doppler in 

cycles per second for Millstone and kilocycles per second for West Ford. This 

quantity is now converted to quasi-BCD and is used as the doppler for the entire 

two-second interval. For West Ford this value is output as both monostatic and 

bistatic doppler. 

For range, the value computed for Haystack at the mid-point of the interval 

is converted to nautical miles (binary) for West Ford and to units of   1   microsecond 

(BCD) for Millstone.    The single value is used over the entire two-second interval. 
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Data Set:   Haystack to Millstone 

U490 Computer Word 

Bit No. 

Word No.   1 

2 

3 

4 

29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 00 0 0 00000 0 00002 

0100000000000 0 02 

,3 

14 

14 

10   0   0   0   0   2 

1    10   0   0   0+2 

2°23 

2°   23 

2°23 

2°23 

2° 23 

2°23 

,0 

2°   23   2°   23*2° 

2°   23   2°   23*2° 

'Least Significant Digit (LSD) 

A.       Haystack to Millstone 

The data to be sent from Haystack to Millstone will be at a   3-kc   rate and 

in the form of a set of four   30-bit   words containing information as follows: 

Word   1: Azimuth; 15 bits,  LSB  =   360°/215 

Word   2:      Elevation; 15 bits,  LSB   =   360°/215 

Word   3:      Range;   6 BCD characters,  LSD  =   1/usec. 

Word   4:       Doppler;   6 BCD characters,  LSD  =   1 cps 

The data set will be transmitted   20  times per second. 

Fig. 2 
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3-62-4207 

Initialization  Section 

f  Entry   ") 
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Wayst aclc f requi nt^ 1 i5ue I n 
on Mil 1 stone mpL V channe 1 

i 
Exit J 
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el eva ti on , do PP e r and   panoe to be 
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I 
F rom   the   i nd i rect buff et-    indicator's   (C/S 
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set up to p ic< up the appropriat e. values 

of  azimuth, el eva tion, doppler  end ranqs 
corn pute d for the Waystock   s >te 

LOOPRTKN t 
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e eva tion s and   store in the Westford and W il Istone.   buff er s 
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PUPDOPP 

3-62-4208 

Pick, up the  doppler 
for the  rni d - po\nt of 

this  interval 

I 
Remove   the. 
750 Itc  biai 

KUEIcE I 
Multiply  by the 

appropriate,  ratio of   the 
TLUO  frequencies 

I 
Convert this doppler« 

toBCD and store'm the 
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(one VQ lue   for the entire   mtervo 0 
DOR.ANGE \ 

Pick, up the ronqe 
for the rrnd- point 
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I 
Make the ranqe modulo 
JOkc   and convert  to 
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STR.fc.NG I 
Yes 

Convert    to 
microsecond s 
in quasi   SCO 

Store this value of  ranqe 
In the output buffer 

(one value for   the  entire interval) 

I 
Exit ) 
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